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Non-Invasive Detection of Helicobacter pylori Infection 



Field of the Invention 

The present invention is directed to a kit and method for isolating 
amplifiable nucleic acid sequences from solid stool samples. More particularly, the 
invention relates to a non-invasive procedure for detecting pathogenic orgamsms by 
screening stool samples for the presence of the pathogenic organism's nucleic acid 
sequences. 



10 Rar.W pround the. Tnvention 

In the United States alone, twenty-five million persons suffer from 
peptic ulcers, four million of them chronically. Approximately one million victims 
are hospitalized annually. Helicobacter pylori, a bacterium that was first isolated by 
Warren and Marshall in 1983, has been shown to play an important role in gastritis, 
1 5 peptic ulcer disease, and gastric malignancies. 

H. pylori infections can be effectively treated with antimicrobial 
therapy once the proper diagnosis has been made. However, since H. pylori is found 
in the upper gastrointestinal tract of humans diagnosis is invasive and relatively 
expensive when endoscopy and gastric biopsy are employed. Accordingly, there is a 
20 need for a reliable non-invasive method for diagnosing H. pylori infections in humans. 

Several diagnostic tests are available for determining the presence of 
H pylori infection, however all existing tests suffer from one or more drawbacks. As 
noted above endoscopy followed by biopsy is one method to detect and to some extent 
localize Helicobacter, but this is a serious invasive procedure. Serological detection 
25 of antibodies against H. pylori is routinely employed to detect infections. 

Unfortunately, antibodies generated against H. pylori continue to persist even after 
eradication of the organism and thus are not a reliable indicator of an individual in 
need of treatment. A breath test, involving the consumption of radioactive carbon, in 
the form of 13 C and 14 C labeled urea with a beverage has been approved, but this test 
has the drawback of requiring the administration of radioisotopes to patients. 

Molecular techniques such as PCR and Southern blot hybridization 
offer the capability to sensitively and accurately determine both the presence of 
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f the bacteria These techniques have been used to 
infection and the genotype of the bactena. ^ ^ ^ 

— detect,,,--^ 
ad h eS1 n g ene(Bvanset.— 

1288) , the urease gene (Clayton eta ^ ^ ^ rf ^ 

. t_- i ™, 1004 32(7^0.1663-1665). 
(Jout na. of Cllnica, ""^^^V,, means 0 f delect H. and 

, oumal of Me tol V 1I0 o^. 1992 3* (Aiben ^ au Jouma , Qf 

Clinical Myology, .997 350P iwj 330)p . 519 . 5 24,and 

M «(Ramotaretal., Journal of Clinical M 2619-2622). 

■ i „f nimcal Microbiology, 1996 W)V- 

However, » each of *o e - ^ ^ fro 

— » ^ ^'Mt — and veroloxin p— «« 

detected mutations of K-ras from . ^ 

too? 256 v 102-105) that method also laiiea to 
et al., Science, 1992, 256, p. not been a 
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, . tor the detection of H. pylori in pattern ,s precanous. The 

Furtherntore.cer*^^^^ 
current* avaiiabte diagnostic toois used to identify K «*» utfecons. 



20 ^aeid.fto.Isoiidstoo,^, — ^ R 
.oo, samp.es aUows for the chara— n of those 

of DNA po.ymerases, isoiating the DNA and suhtectmg the DNA 
using PCR primers specific for K »**> «« 
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DetaUecL^^ 

or produced synthetically, recombmantly by 

l^biy ^bl^^l-.andwWcbcan 
„ Ube.smayprovide-slgna.s~detec.ab.eby 
be attached to a nucletc acvd or protem. ^ 
fluorescence, radioactivity, co.orime.ry, gravtmeuy, X ray 

rr.agne.ism, ^"2^ Wemen.ary- or We.— « 
As used here, , *. «- J ^ ^ by the 

20 used in reference to nolynucleottdes (,.e., q _ Bry t0 t he 

^nce .,-C- A , Comp^m 0r , the re may be 
nucleic acids' bases are matched accord of 

■-—'n - — — — — r ~" 



PCT/US99/26471 
WO 00/29618 

-5- 

the functional term "substantially homologous." 

As used herein, the term "hybridization" is used in reference ,o the 
pairing of complementary nucleic acids. Hybridization and the strength of 
hlLtion (i.e., the strength of the association between the nucle.c actus) ,s 
, !lld by such factors as the degree of complementary between the nuc,e,c ac.ds 
5 ^ofmecondmonsmvolved ,theTmof*eformedhybrid,anameO : Cra„o 
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—ure." the melting temperature is the temperature at which a popu auon o 
THeeo.uationforcalculatingtheTmofnueleic acids isweUicnowntnUte art. As 

I the e Jtion: Tm - 81, + 0.4,(% O ♦ Q, when a nucleic acid - «■ a,ueous 

a, 1M Nad (see e.g., Anderson and Young, Quantitative Futer 
Hybridization, inNucleic Acid Hybridization (1985). 

As used herein the term "stringency" is used in reference to the 

u • f nrimCT extension product which is complementary to a nucleic 
in which synthesis of a primer extension p 

I- H ed fie inthepresenceofnucleotidesandaninducingagentsuch 
3 0 acid strand is induced, (i.e., in me pre* 

as DMA polymerase and at a suitable temperature and pH). Q 
As used herein, the term "polymerase cham react™ ( PCR ) refers 
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*. method of K. B. Mums as. Pa, No, 4,683,195 and 4,683,202 hereby 
incorporated b, reference, »hich oesc.be a method for selectively mcreas. g the 
concentration (i.e. "amplification") of a target -eic acid sequence prese a 
mix ,ure of nucleic acid sequences without cloning .be targe, nucle.c acd sequence 
5 As used herem, "extract" and sMar terms reiares ro rbe o a 

composition (a soiid or liquid) with a solvent so as to separate and remove a soluble 

substance from the composition. „ Kvflus hi n( . 

As used herein, "rinsing" is intended to mean cleansmg by fluslung 

I0 Asu.dherein.-so.ubii.e.refers^edissoiut.onofatieasta 

portion of a solid or semisolid substance in a solvent. 

Achaottopicagentasusedhereinisanagentdtafscapableof 

dtsrupting the membranes or other struck, components of living organisms and 
, 5 chelators such as EDTA and EGTA and detergents such as SDS, Tween, 

SaIk0Sy1 ' As used herein, "effective amount" means an amount sufflcien, to 
produce a selected effect. For example, an effective amount of an ***** 

2 „ pyl ori population to a level that alleviates the symptoms assorted wtth 
infection. 

Disciosure_pftheJnve^ 

^on is directed to a method of recovenng nucle.c 
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k 70 30 to about 95:5. The alcohol can be select from any lower alM (C, CO 

resuspended the mixtures =. „, u stiended mixture 

■ ;„ «,„ amematant. For example, the resuspenuc 
leaves the lipids remautmg m the supematan 

.t „. ,hout 2000 to about 2200g to separate the mixture into 

m ass and a liaurd ^ m d 

^,ed.orepea«dro»^f— 0g t0 ens „re removal o t substantia,, a„ of 

::rrr— 

(such as acetone). oelleted mass is 

After the lipid solubilization and removal step, the pellet 

, , - » cell lvsis solution, wherein the cell lysis solution compnses a 
.suspended ,n ce« y,- ^ ^ ^ ^ ^ ^ ^ 

chaotrop.c agent. Thermxtur •» The incu « on time can be varies and 

depends on the «- -» W «*- ^ " 

iOn :7;;cllr30,oabou,90min U ,es.rhede B r g e»tca„be S e,ec,ed f rom 

,o about 60 C for abou Tween , Tlit „„-X, Guanidium or any other 

vhegroupconststmgofSDS.WAO.lw ^ 

^lauy available detergent. Any standard buff nn^ 
25 Tri sbeing*epreferredbufferin B agent. "^.^ 
solution comprises an SM solution of urea contammg det.^ 
agen, and in one preferred embodiment the lysts soluuon compnses an 

^: ly p^.--ipi,a,eis,hensepara«d f rom,e,ysed 
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solution and removed. Typically, the precipitate is separated from me 
iLion by centring the sample a, about 400 to about 500 g and recovermg the 
resulting ^ ^ ^ b ^ ^ enzymes ^ from „ e 

group consisting of RNases and proteases. >n accordance with one embodiment the 
ysed eel, solution is contacted with a solution comprising protease K, and more 
preferably the enzymatic solution comprises protease K and an RNase. In one 
u 7 , the ivsed cell solution is firs, extracted with an organic solvent before 

:r— r — -^--7- 

Veoganicaiiyexuacted.andmenucieicacidspreciptoted^i.haicohoUs.n, 

tediuues. The resul.in 6 pellet is then .suspended in a solutton compn, S 
£L CT i- incubated ataboute.C for about — 
.Union is men conned with enzymes selected t- *. .roup con,s,.ng of RNases 

^proteases. ^^^^^^^i.^ 
' with an organic solvent to produce an aoueous and organic phase In accordance w,,h 
one embodiment the organic solvent used is phenol, and more prefembly a 
phenol/chloroform mixture. The nucleic acids are then recovered from the 
phase using standard technics. In one preferred embodiment , e nucle a™* re 
,0 ecoveredby alcoho, or Lithium chloride precipitation ofthe nucle.c 

including the use of affinity columns or matrices (such as glass beads) amon 
lhang , sal, binding and outer technicues fcnown to the skilled pracuuoner. In 
acIordl^wi^oneembodimenttherecoverednucleicacidisDNAandmore 

aeps of obtaining a stoo, sample from the patient, recovermg ™P^ble DNA 

30 DM A is men analyzed using standard techniques to determme ,f H py on DN A . 
Z« InacJancewimoneembodimentmePCRre.ctioniscon uctcdmth 
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„ • , if the target H pylori sequence was present in the original stool 
on a gel to determine if the target H. py ^ 

and the PGR reaction products are electrophoresed on a gel and 
patient, solubihzing said stool sample in about2 200g to 

solution. The lysed ceii sui imitate The precipitate is 

, ot^lv^ed cell solution containing a precipitate, in y 
produce a heat treated lysed ceil soi ^ heal treated lysed cell 

h fmm the heat treated lysed cell solution and the heat treated y 

The isolated DNA is then amplified by PCR ampin 

f for* .v/onnucleicacidsequencesandthePCRproducts 

20 primers that are specific for H pylon nuc embodim ent the 

, a* .mnUfiedH py/ori nucleic acid sequences. In one emoo 

are analyzed for amplified n. pyi cpmienC es that relate to 

^..acc^cew^onee— , ori nucleic aci a SK ,e„ce, 

w«. « be in ft. fonn of a so.ution _* a please, an 
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optionally an KN- as we,,. In one preferred —en, the protease is protease K. 
Example 1 

isolation and Analysis of DNA Recovered from Stool Samples 

To.nves.iga.e.heabihtyofusmgPCRana^sofs.ooHamp.esasa 

^nosUcfooUnefonowine^men^ere— . 

hybridized with primers specife for the 16S rRNA gene of H. py.0 DNA fto 
gastric biopsy specimens was analyzed similarly for comparison. Unwersa, pnme s 
10 irnsedlconf.rmsuccessfuiO.Aex.rac.ionofsampies. 
and DNA anaiysis were scored in a Winded fash.on. 
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Materials and Methods 

Patients undergoing upper endoscopy were recrvnted and 

(CLOtest). uasim, r\M a nnalvsis Stool specimens 

body of the stomach for histologic exam.na.ton and DNA analyst, P 

collected within two weeks of the time of endoscopy m stenlc confers 
I 6 " " . anaiysis. Blood ftom a„ patients was collected and the serum 

' with „ &E and 0 iemsa. ^^^^^T^ 
without Icnowiedge of the results of the other tests. The number of K P , - 

, semi auantitatively scored as 0, 1 (few; organisms present but d.ff.cul. 
organisms was semi-quanuiative.y -j—Hfi.,] unon 

to find and rare in 400x fields ), 2 (moderate; organisms readily identified upon 
to find and and oreS ent in most 400x fields), and 3 (numerous; 

J0 microscopic examination and present in mo 
organisms present in virtually all 400x fields). 
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DMA extraction^ ^ ^ ft om eac h patient was dissolved in 100% ethanol 

. • coc Trio PVielex (BioRad. Hercules, Ca) ? ana 
then mixed with 8 M urea containing SDS, Tris, Chelex (tsioK 
5 pWP fo r S u b se q ue„,incu b ationa,60.C. The sampies were then boned and 

Il 6 eda,<o9g. 

ho, and re-dissolveu with sodium chloride and CTAB for incubauon a, 65 C. 
^Ktneubano nat^Crorahours.Anotherroundofo.anicextraCon.d 

performed using xylene and SDS/proteinase K on two 5 micron , hie* secuons as 

,547-1549. Cultured H. pylori DNA ex.ract.on was conducted on an n py 
IS Zahumansu.ectconnrmedtoha.ethisinfeet.o, „ f 
Wood agar plates was scraped into one ml of phosphate buffered sahne. , 

JO lowas 1 femp.ogramofDNAperuLweregenera.ed. A smgle bactena 
considered equivalent to 1 .6 femptograms ofDN A. 

MgCl„ 50 mM KC1, ,00 uM dNTPs, ,0 pmoles o, each pnmer. , of T„ 

„ w Plmer Cetus Norwalk, Connecticut), and 1 .5 uL of DMA 
polymerase ^ Lersa, primers for stoo, ana,ysis consisted of two 

template as prepared above. Iheuruver v 

non-specific 16S rRNA oligonucleotides designated USA-1 
30 (AGAATGCCACGGTGAATACG; SEQ ID NO: 1) and USA-2 

(CCTACGGTTACCTTGTTACG; SEQ !D NO: 2). F o«y thermocycles . « 
rimed wim each cyde consisting of a 30 second den— step a, 95 C, 
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r ten at 50°C and a 60 second extension step at 70°C. The universal 
(TGAAAGTTTAGCAT1 A ^ & ^ ?QR 

(Powell e. al., Cancer Research, 1997, 57, p. 4221-4224). 
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^»~^~-^™^zzzz 

Tan nolvmerase concentrations, meincm j 
Knffpr dNTP, primer, ana laq poiymcicw 
same butter, oin i r , p orimers 
eondltions were similar with an annexing temperature of 60 C The pr 
l5 consisted oftwo specific ,« rR* A oligonucleotides deseed 
^CCTOCTCC^C™ 

* PC* amplrficauons, *^ , ^ , empla ,e 

full product extension. Each expenme 
20 consisting of water and a positive control cons,s«ng of ,00 fg 

DMA. 
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Southern Blot Hybridization . d 

HalfofthePCRproductswereele C tro P horesedon2/oagaroseg 

Half the P d . zed w . th an end . 

• * i T™,m a 1 of Clinical Microbiology, 1WJ A'; P 
described (Weiss et. al., Journal ol Clin manufac turer's 

rnpi-dATP T4 kinase reaction according to manui 
and W as labeled in a [ FJ dA Autora diogra P hs generated dear 

instructions (New England Biolab, Beverly, MA, autoradiographs were 

signals after an overnight exposure at room temperature. The autorad 
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s.ored by .wo independent observers, each of whom was blinded to ,he results of the 
other tests, with a signal in the expected location recorded as cither present or absent. 

Results 

5 Detection of Helicobacter pylori DNA 

The sensitivity of the molecular assay was assessed by de.erm.nmg .he 
threshold for H. pylori DNA detection. A Cinica, isolate of K pylori was grown ,n 
culture DNA was extracted, and quan.iti.ted. Dilutions of this cultured H. pylori 
DNA were PCR amplified with specific H. pylori 16S rRNA primers pnor to 
„ subsequent hybridization. Specific * pylori signals were found wi.h amount as low 
as ,0 femptograms, which corresponds to less than seven genome e,u.valen,s of* 

pylori. 

H wlori Status in Human Subjects 
„ Twenty-two cases had specimens collected consisting of gas.ncb.opsy 

tissue for CLO-test, histology, and PCR ampHf.ca.ion; serum for EL1SA, and s.oo, for 
PCR amplification. Eleven of me 27 subjects were « pylor i positive by h,stolo gl c 
and serologic analysis, while ten of these cases were positive by the CLO-.es. 
Endoscopic findings, medication use, and resuhs of these conventional tests for H. 
20 pylori are summarized in Table I. 
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TableL Clinical features 
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Case 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
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Acid Suppression 
Me dicatio n** 
none 
Ranitidine 150 bid 
Omeprazole 20 bid 
none 
Famotidine 20 qd 
Nizatidine 150 bid 
Nizatidine 150 qd 
Ranitidine 150 bid 

none 
Ranitidine 150 bid 



Endoscopic Findings 



CLOtest 



Serology 



normal 
gastric 
normal 
duodenal dilation 
esophagitis 
duodenitis 

antritis 
duodenitis 
duodenitis 



positive positive 
negative negative 
negative negative 
negative negative 
negative negative 
negative negative 
positive positive 
positive positive 
negative negative 
positive positive 



negative negative 
positive positive 
positive positive 



16 
17 



normal 

Omeprazole 20 qd Antritis, esophagitis negative negative 
esophageal nodule negative negative 
gastritis 
duodenitis 
Schatzki's ring, 

antritis 
duodenal ulcer 
erosive antritis, 
duodenitis 

erosive esophagitisitis positive positive 
prepylotic ulcer positive positive 
gastic ulcer positive positive 
gastritis, duodenitis positive positive 

Omepn^ 



none 
Nizatidine 150 bid 
Nizatidine 150 bid 

none 

Nizatidine 150 bid 
Famotidine 20 qd 



Histology 
(grade)* 
positive(1); 
negative(0> 
negative(O); 
negative(O)! 
negative(O); 
negative(O): 
positive(2) 
positive(1): 
negative(O): 
positive(2) ; 
negative(O); 
negative(O); 
negative(O); 
positive(2)j 
positive(3) ; 



negative negative 
negative negative 



18 


none 


19 


none 


20 


none 


21 


none 


22 


Omeprazole 



i 

negative(O); 
negative(O): 

positive(2)| 
positive(2)| 
positive(2)| 
positive(2)" 
positive(2). 



# Numbers represent milligram doses; qd=once daiiy; bid=twi=e daily. 

• semiquantttation of the number of H. pylori organisms-. 0=none; 
1=few; 2=moderate; 3=numerous 
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i- + a 094 hn PCR product from exon 7 of Smad -/ 

5 each case. These sam ng ^ ^ , n 

oiigonudeotides spectator H.^ ^ 
> , of the 22 patients. Independent PCR amphtt 

r ,rf these results. The autoradiographic signals were eas.ly scored w 
confirmed these results. completely agreed 

agreement by each of the two observers. Our DNA analysts r 

dear but weaker signal when gastritis w p Both of these cases 

„ere positive by serology but negaUve on O^M- ^ 
serology and DNA analysis for the other ll g* 

amount of DNA recovered varied depending °° J ^ ^j^ers, ionic and 

, *u A n f ^traction was developed using lipid soman 
described novel method of extraction w 

w. in the mesently described assay. At least three m p 

the molecular assay. ^ identifying 

To determine the sensitivity and specificity of the assay 
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H pylori infection, frozen stool samples «. *» «- * 

h for DN A according to the presently described protocol. The samples 
and extracted for DNA «« • t0 the r , ndings of 

„ere then anaiyzed for H. pylon stool ^es were 

conventional testing and gastric tissue DNA analysis. Extra 

firs, amplified with universal primers for the 16S rRNA gene to demons, ate ,h 

f liable DNA. A clearly visible PCR product of expected size (148 
presence of ampl fiabl DN ^ rf ^ ge , s 

Subsequen P ^ ^ SIgmls , n , 

DNA independent PCR amplification and hybridization of all DNA 
^ analysis, the molecular stool DNA assay had a sensitivity of 7 3 /. and 



specificity of 100%. 
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Discussion „ v /or/ infection have 

Currently a vailabletestsforthedmgno S1 sofH.^/orunt 

-rs^- 

endoscopy, is subject to sampling error, and its accuracy P ^ 

PTeSent * , flm nlification and detection of H. M>n DNA directly 

and management of patients wnn n yy prev ious 

invention. The sensitivity of PCR amplification * ^ ^ ^ organisms. The 
ability to easily detect DNA from less than seven H. pylon bacterial 
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extreme sensitivity and specifcity of the present mo,ecu,ar assay in ana.yz.ng ^ 
L biopsy samp.es has been demonstrated * <«* <* «* ^< S » " " 

t0 „e present sero.o g ical.y and his.ologica.ly by the pattern of gastnus, K ^ »NA 
was dltable, but organisms couid not be iden t if,ed microscopy. Notably, these 
two patients had prior an«i-acid secretory therapy. 

in addition, the data demonstrates that the presently descnbed 
molecular assay is specific for H. pylori DNA in human stool am * ^^^^^J^ 
Th. H pylon 16S rRNA primers used were designed from tee tested by We.ss e, 
rZa,ofCliniea 1 Microbiolo g y, 19 94 3 2 ( 7 >, 1 663- 1 66 8 >who demonstrated 
tlpeciflci.yindeteet.nsHp^D^inparaffmembeddedsastr.ct^e. 

„ microorganisms such as ***** 

Scholte et. a,. (Diagnostic Molecular Patho,o g y, .9,7, ^ 
primers designed to amplify this similar uruque regK>n of 16S rRNA on 
CI, hiding .0 Helicobacter species and found .00% sensitWtty and 

specificity. ^ ^ rfhuman s(ooi ^ gasu . c Mopsy samples usmg 

infection These results also suggest that samphng error ts no. a major 

Iln of K pylori DNA in stoo. samp.es. Smal. portions of spontaneous,, ■p.sed 

Xided— ^irrrri. 

actions. The reason for the faihn* to .denttfy « ^ is 
25 from individuals known to have K »** «■—" and DNA n ,h g 

uncertain. Sampiing error certainly could have played a ro.em *e.three cases 

The molecular detection of H. pylon ujn a nc 

+ e n f H rrvlori are characterized (such as the vacA gene 



_ PCT/US99/26471 

WO 00/29618 

-18- 

variants. The presence of certain genotypes of vacA and cagA in infecting strains has 
been shown to be associated with a more dense inflammatory gastritis and peptic ulcer 
disease (Atherton et al., Gastroenterology, 1997, 1 12, p. 92-99). 

These results demonstrate the feasibility of detecting H. pylori DNA 
non-invasively, and provide evidence for the frequent presence of H. pylori DNA in 
stools of infected patients. 
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